A new species of eosimiid primate, cf. Eosimias paukkaungensis sp. nov., from the latest middle Eocene of Pondaung, central Myanmar is described. The specimen consists of left and right mandibular fragments preserving only the M 3 , so that its generic status is provisional. The cf. E. paukkaungensis fossil is much larger than homologues of the two Eosimias species from China. It is too large to be a mandible for the taxa represented by the Eosimias-like calcaneus from Pondaung, but smaller than Bahinia pondaungensis, another eosimiid of the Pondaung fauna. The discovery of cf. E. paukkaungensis indicates diversity of eosimiids in East and Southeast Asia during the middle Eocene.
Introduction
The phylogenetic, geographic, and chronologic origins of anthropoid primates are some of the most intriguing issues in paleoprimatology (Fleagle and Kay, 1994; Fleagle, 1999) . At present, most researchers admit that the modern anthropoid clade had appeared in northern Africa by at least the late Eocene. This is based on the discovery of 'undoubted' anthropoid primates from the late Eocene to early Oligocene deposits in Fayum, such as Proteopithecus (Proteopithecidae) and Catopithecus (Oligopithecidae), whose identity was confirmed by the completeness of the postorbital septum and/or the pneumatization of the auditory bulla (Simons, 1989 (Simons, , 1990 (Simons, , 1997 Simons et al., 1994; Simons and Rasmussen, 1996) . However, the phylogenetic relationship between anthropoids, such as these from Fayum, and other primate clades has not yet been fully elucidated. Although many researchers have proposed hypotheses concerning this question, there is still no consensus. One of the most likely candidates for 'protoanthropoid' is Eosimias, a small primate discovered from the middle Eocene in East Asia (Beard et al., 1994 (Beard et al., , 1996 . Kay and colleagues performed cladistic analysis on many primates, including both extant and extinct taxa, and concluded that anthropoid primates probably derived from the omomyoid rather than the adapoid group, and that eosimiids are most likely primitive anthropoids (Kay and Williams, 1994; Kay et al., 1997; Ross et al., 1998) .
The family Eosimiidae contains two genera, Eosimias and
Bahinia. Eosimias was discovered at two localities in China: the early middle Eocene fissure fillings of Shanghuang, Jiangsu province and the late middle Eocene Heti Formation, Shanxi province (Beard et al., 1994 (Beard et al., , 1996 Tong, 1997) . Thus far, many isolated teeth, a relatively complete mandibular corpus, several postcranials, and an isolated petrosal bone have been discovered (MacPhee et al., 1995; Gebo et al., 2001) , although the petrosal bone cannot be assigned unambiguously to Eosimias due to the fragmentary condition of the specimen (MacPhee et al., 1995) . The Bahinia specimens, on the other hand, contain maxillofacial parts and an associated lower jaw fragment (Jaeger et al., 1999) , although neither postorbital closure nor pneumatization of the auditory bulla was confirmed. The discovery of Bahinia indicates that diversification of eosimiid primates had occurred by the middle Eocene of East and Southeast Asia. In addition, a small calcaneus thought to be an eosimiid was discovered in the Pondaung fauna (Gebo et al., 2002) . The estimated body size of this specimen is much smaller than that of Bahinia, so the authors considered it to be another, new eosimiid (Gebo et al., 2002) .
Here, we report a new eosimiid specimen from the latest middle Eocene sediments of the Pondaung Formation (Figure 1) . The specimen appears to differ from other eosimiids of China and Myanmar at the specific level, but the generic status is presently provisional due to the fragmentary condition of the specimen. From the Pondaung fauna, five primate taxa belonging to two families, Amphipithecidae and Eosimiidae, have been discovered to date (Pilgrim, 1927; Colbert, 1937 Colbert, , 1938 Maw et al., 1979; Ciochon et al., 1985; Jaeger et al., 1998; Takai et al., 2001; Ciochon and Gunnell, 2002; Gunnell et al., 2002) . Eosimiids, including Bahinia and an unnamed smaller taxon, were much smaller, probably insectivorous/frugivorous monkeys, while amphipithecids, including Myanmarpithecus, Amphipithecus, and Pondaungia, were medium to large-sized primates with a well-diversified diet (Kay et al., 2004) . Although amphipithecids show some 'anthropoid-like' features in their dental and mandibular morphology, postorbital closure was confirmed to be incomplete at least in Amphipithecus (Takai et al., 2003; Takai and Shigehara, 2004) . Consequently, some researchers regard amphipithecids as adapiform primates, specifically as notharctines or with notharctine-affinities , although the lower premolar morphology of amphipithecids is quite different from that of notharctine adapiforms Age and distribution. The 'Upper Member' of the Pondaung Formation, latest middle Eocene (Soe et al., 2002; Aung, 2004) . The fission-track zircon date, 37.2 ± 1.3 Ma, was obtained from the tuffaceous bed of the 'Upper Member' of the Pondaung Formation .
Etymology. Named from Paukkaung kyitchaung, the type locality.
Specific diagnosis. A small primate, much larger than the two other species from China, E. centennicus and E. sinensis. Compared with the Chinese species, the mandibular corpus is much wider and more robust, and M 3 is markedly larger. The M 3 cusps are less sharp and lower and the cristid obliqua runs more mesiodistally than in E. centennicus. Differs from Bahinia in having a much shallower and narrower mandibular corpus and in having a longitu- dinally shorter mandibular canine (based on alveolar dimensions). Differs from Myanmarpithecus in its significantly smaller size and shallower mandible, and in having an elevated M 3 trigonid with a small paraconid. Differs from Adapoides in having a small paraconid and a lingually closed trigonid with the presence of the premetacristid on M 3 , and in lacking a deep talonid notch and extremely large and tapering hypoconulid on M 3 . Differs from omomyines in having a deeper mandibular corpus relative to M 2 size. Also differs from both anaptomorphine and omomyine omomyids in the relatively large size of the paraconid on M 3 . Finally, differs from Tarsius eocaenus and Xanthorhysis in having a M 3 trigonid lingually closed with the presence of the premetacristid, and in lacking an extreme distal heel and basal buccal cingulum on M 3 .
Description. cf. E. paukkaungensis is a small primate (M 3 mesiodistal length: 3.06 mm, M 3 buccolingual width at trigonid: 1.85 mm, M 3 buccolingual width at talonid: 1.68 mm; mandibular depth at M 2 lingual side: 7.18 mm) with an estimated body weight of 410 g (see discussion below and Egi et al., 2004a, b) . The estimation of 410 g is much larger than those of E. centennicus (160 g) and E. sinensis (140 g), but smaller than that of Bahinia (570 g, Egi et al., 2004a, b) . Judging from the size and orientation of the alveoli of the left mandible, there is a small diastema between P 2 and P 3 , P 3 -M 3 are double-rooted, and P 3 -M 2 are nearly the same size in mesiodistal length ( Figure 3 ). P 3 seems slightly obliquely oriented relative to the tooth row. On M 3 , the cristid obliqua runs nearly mesiodistally, terminating at the distal base of the protoconid, so the hypoflexid is very shallow. There is no basal buccal cingulid on M 3 (Figure 4 ). The M 3 trigonid is nearly triangular in occlusal view, retaining the paraconid, protoconid, and metaconid cusps and is closed lingually by the premetacristid. The trigonid is much more elevated and slightly wider, but shorter, than the talonid. An indistinct paraconid is located at the midline of the paralophid. The protolophid runs slightly obliquely, so that the protoconid is located slightly mesial to the metaconid. The M 3 talonid has three low cusps, the hypoconid, entoconid, and hypoconulid. The hypoconulid, which is located at the midline of the tooth, protrudes posteriorly. The mandibular corpus is nearly straight or 'flat-plated' rather than medially curved. The 'prominentia lateralis,' the anterior margin of the vertical mandibular ramus, is well developed, forming a distinct masseteric fossa. A relatively large mental foramen is located just below P 2 .
Comparisons with Other Eosimiids
In E. centennicus, the M 3 trigonid bears a remarkably large, cuspidate paraconid, which is well separated mesially from the metaconid by a deep notch (Beard et al., 1996) . In contrast, in cf. E. paukkaungensis the paraconid is not cuspidate but indistinct, forming a continuous crest (Figure 4 , Figure 5 ). The possession of the paraconid is generally considered to be a primitive character state in primate evolution, and most anthropoids have either no or a much reduced M 3 paraconid. Thus, concerning the reduction of the paraconid, cf. E. paukkaungensis is more derived than E. centennicus, although still with a large paraconid. Despite the difference in M 3 trigonid construction between E. centennicus and cf. E. paukkaungensis, the structure of the M 3 talonid is similar in both species: the hypoconulid lobe is highly abbreviated and the distolingual margin of the talonid is relatively reduced as in some basal anthropoids. In Bahinia, M 3 has not yet been discovered, but the M 1 trigonid is well preserved. A small paraconid is located at the mesiolingual position of the trigonid, and the paraconid and metaconid are connected by the premetacristid with a shallow notch at midpoint. Therefore, it is deduced that the M 3 trigonid of Bahinia is rather reduced, with the metaconid connected to the paraconid by the premetacristid.
As mentioned above, the estimated body weight of cf. E. paukkaungensis (410 g) is much larger than that of E. centennicus (160 g) and E. sinensis (140 g), but smaller than that of Bahinia (570 g). However, the body weights of the latter two species were estimated from M 1-2 rather than M 3 size (Egi et al., 2004b) . Nevertheless, cf. E. paukkaungensis is certainly intermediate in body size between the two species of Eosimias from China and Bahinia from Myanmar. Although the tooth sizes of P 3 -M 2 are unknown in cf. E. paukkaungensis, the mesiodistal length of M 2 can be estimated to be 2.6 mm, based on the size and placement of the preserved alveoli of M 1 and M 3 (Figure 3 ). Figure 6 shows scatterplots of mandibular depth beneath M 2 against the mesiodistal length of M 2 . The relative mandibular depth in cf. E. paukkaungensis is, together with E. centennicus, Oligopithecus (Oligopithecidae), and Myanmarpithecus (Amphipithecidae), larger than that of omomyines (Asiomomys, Ourayia, Utahia, Stockia), Xanthorhysis, and parapithecids (Apidium, Parapithecus, Qatrania).
We provisionally classify NMMP-KU 1203 in the genus Eosimias rather than Bahinia, which was also discovered in the Pondaung fauna, based on the morphology of the mandibular corpus. The type specimen of Bahinia pondaungensis was discovered in 1998 by the Myanmar-France Joint Expedition Team (MFJET) at the Bh 1 locality, about 2 km south of Pk 2. The type consists of right (NMMP 15) and left (NMMP 14) maxillae and a right mandibular fragment preserving P 2 -M 1 (NMMP 16), all of which belong to a single individual (Jaeger et al., 1999) . Of note, a complementary mandibular fragment preserving the left C 1 -M 1 and right I 2 -C 1 (NMMP 13 = NMMP-KU 0129, Figure 7B ), which perfectly joins NMMP 16, the right mandibular fragment, at the break, was collected independently by another team, the Myanmar-Japan Pondaung Paleontological Expedition Team (MJPPE), during the 1998 field season . NMMP-KU 0129 consists of the left mandibular corpus and the anterior part of the right mandible, which became fused through fossilization, although the mandibular symphysis was certainly unfused during the animal's lifetime.
The tooth crown of the left canine of NMMP-KU 0129 is damaged so that the exact height and morphology of the tooth is unknown. However, the preserved root indicates that Figure 6 . Scatterplots of lingual mandibular depth beneath M 2 versus mesiodistal length of M 2 in several primate taxa discussed in the text. Note that the mesiodistal length of M 2 of cf. E. paukkaungensis was estimated from the preserved M 1 -M 3 alveoli. The measurements were adopted from Gazin (1958) , Simons (1961 Simons ( , 1962 , Szalay (1976) , Kay et al. (1981) , Simons and Kay (1983) , Wang and Li (1990) , Beard et al. (1994 Beard et al. ( , 1996 and Takai et al. (2001) . the mandibular canine was much larger than P 2 ; the root is very long, almost reaching the base of the mandible in Bahinia ( Figure 7B) . In E. centennicus, in contrast, the lower canine is not as large as in Bahinia (Beard et al., 1996) . Thus, one of the most obvious morphological features distinguishing Bahinia and Eosimias seems to be the size of the lower canine root. Although in NMMP-KU 1203 neither the canine root nor the alveolus are preserved, judging from the shape of the anterior part of the remaining mandibular corpus, NMMP-KU 1203 is unlikely to retain such a large, long mandibular canine as in Bahinia (Figure 8) .
Due to the lack of evidence, however, it is difficult to dismiss the possibility that NMMP-KU 1203 may belong to Bahinia: this specimen could be either a female individual of B. pondaungensis or a new species of Bahinia. Sexual dimorphism has been demonstrated in the lower canines and mandibular corpus of Catopithecus and Proteopithecus, early anthropoids from the late Eocene of Fayum (Simons, 1995; Simons and Rasmussen, 1996; Simons et al., 1999) . In Catopithecus, according to these studies, the mandibular corpora of both sexes are quite similar in shape but slightly shallower in females (Simons, 1995; Simons and Rasmussen, 1996) . In the two Myanmar eosimiids, in contrast, the overall morphology of the mandibular corpus seems to be quite different; in B. pondaungensis the mandibular corpus is about equal in depth anteriorly to the symphysis, whereas in NMMP-KU 1203 the corpus appears to shallow anteriorly (Figure 8 ) as in Chinese Eosimias. It is unlikely that B. pondaungensis and NMMP-KU 1203 are male and female individuals of the same species.
In this paper we classify NMMP-KU 1203 as cf. Eosimias paukkaungensis, emphasizing the morphology of the mandibular corpus. Although both M 1 of B. pondaungensis and M 3 of NMMP-KU 1203 possess a distinct paraconid in the trigonid, this is not a comparison of the serial homologue but of different teeth, the M 1 and M 3 . The generic status of NMMP-KU 1203 would be determined by the future discovery of other dentition.
On the other hand, a very small right calcaneus was discovered by the MJPPE from the Pk 2 locality during the 1999 field season. Gebo et al. (2002) identified this specimen, NMMP 23 (= NMMP-KU 0961), as an Eosimias-like primate, due to similarity with the Eosimias calcaneus from China. The estimated body size for this calcaneus is 110.7 g (range 52.3-183.4 g), which ranks in the largest size class for Eosimias specimens at Shanghuang (range 75-120 g) (Gebo et al., 2001) . This estimate of 110.7 g is much smaller than 410 g, the estimated body weight of cf. E. paukkaungensis based on M 3 size, and 570 g, that of B. pondaungensis based on M 1 (Egi et al., 2004b) . NMMP 23, NMMP-KU 1203, and B. pondaungensis should be regarded as different species at present. There seem to be three eosimiids of different sizes in the Pondaung fauna.
Comparisons with Other Paleogene Primates in East Asia
To date, several fossil primates have been identified from the Paleogene of Asia. Some specimens lack a preserved M 3 and are too fragmentary to compare with cf. E. paukkaungensis, while others preserve comparable portions. Among the Paleogene adapiforms from Asia, Hoanghonius and Wailekia (Sivaladapinae), Adapoides (Adapinae), and Panobius (Cercamoniinae) are comparable with cf. E. paukkaungensis. Hoanghonius was discovered from the middle Eocene in the Yuanqu basin, Shanxi Province, China, and Wailekia from the upper Eocene in the Krabi basin, Thailand (Suteethorn et al., 1988; Ducrocq et al., 1995; Ducrocq, 1998) . Adapoides was collected from the middle Eocene Shanghuang fissure fillings, at the same locality as E. sinensis (Beard et al., 1996) . Unlike cf. E. paukkaungensis, both Adapoides and Hoanghonius have a very large, posteriorly elongated heel at the M 3 talonid (Beard et al., 1994; Gingerich et al., 1994) . In Wailekia, the M 3 talonid is not as posteriorly elongated as in Adapoides and Hoanghonius, but in contrast to cf. E. paukkaungensis, the M 3 trigonid is very compressed mesiodistally and its occlusal outline is nearly rectangular (Ducrocq et al., 1995; Ducrocq, 1998) . Conversely, in Panobius, which was discovered from the middle Eocene Kuldana Formation, Pakistan, the paraconid is situated lingually, just mesial to the metaconid, and there is a distinct mesiolingual cingulid on the M 3 (Russell and Gingerich, 1987) . Thus, none of the Asian adapiforms shows the M 3 trigonid pattern seen in cf. E. paukkaungensis, suggesting a relatively distant relationship to the latter.
Among three Paleogene omomyoids discovered in Asia, Macrotarsius, Asiomomys, and Kohatius, the former two are known only by fragmentary isolated teeth Gingerich, 1980, 1987; Beard and Wang, 1991; Beard et al., 1994; Thewissen et al., 1997) . Asiomomys (Utahiini, Omomyinae) was discovered from the Eocene in Huadian, Jiling province, China (Beard and Wang, 1991) , and the type specimen consists of the right mandible, with preserved P 3 and M 2-3 . The M 3 of Asiomomys differs from that of cf. E. paukkaungensis in having a mesiodistally compressed trigonid, a very wide talonid, a well-developed talonid notch, a distinct mesiobuccal cingulid, and a large hypoconulid lobe. Moreover, in Asiomomys, the M 3 trigonid is not as elevated as in cf. E. paukkaungensis, and the mandibular corpus is very shallow relative to M 2 length ( Figure 6) .
Two Paleogene tarsiids have been reported from the middle Eocene of China. Tarsius eocaenus was discovered from the middle Eocene Shanghuang fissure fillings, at the same locality as E. sinensis and Adapoides (Beard et al., 1994) , and Xanthorhysis tabrumi also from the middle Eocene Heti Formation, Yuanqu basin, Shanxi province (Beard, 1998) . In both T. eocaenus and Xanthorhysis, the M 3 trigonid is mesiodistally compressed and lingually open, a distinct paraconid is located at the lingual side, and the talonid is much longer than the trigonid with a large hypoconulid lobe. Moreover, in Xanthorhysis, the mandibular corpus is very shallow relative to M 2 length ( Figure 6 ). All these morphological features indicate that cf. E. paukkaungensis should not be included in the Tarsiidae.
Discussion
Although the cf. E. paukkaungensis specimen is fragmentary, with the M 3 being the only known crown element among the dentition, the morphology of the mandibular corpus and M 3 structure indicate that this animal belongs to the family Eosimiidae rather than to other Paleogene primate groups, such as adapoids, omomyoids, and tarsiids. The discovery of Bahinia revealed that there are three middle Eocene localities yielding eosimiids in eastern Asia: the Shanghuang (Jiangsu province) and Yuanqu (Shangxi province) faunas in China and the Pondaung fauna in Myanmar. Among the fauna from these three localities, the Pondaung fauna is more distantly separated from fauna of the other two Chinese localities both geographically and chronologically. At present the Pondaung area is located at a latitude 10-12°s outh of the other two Chinese localities. Even in the middle Eocene, Pondaung should have been located at a relatively lower latitude, suggestive of a warmer, tropical environment. Indeed, detailed analysis of the Pondaung mammal fauna demonstrates that the paleoenvironment was characterized by subtropical/tropical rainforest with large rivers, which were located near the Tethys Sea (Tsubamoto et al., 2004) .
Chronologically, the Pondaung fauna is certainly younger than the two Chinese faunas. Although no absolute age has been reported thus far for the Shanghuang and Zhaili faunas, the former is considered somewhat older than the latter, based on comparisons of mammalian fossils discovered from both faunas (Beard et al., 1996; Tsubamoto et al., 2004) . In addition, the mammalian fossils from the Shanghuang fissure fillings appear to represent the Irdinmanhan and early Sharamurunian Asian land mammal ages (ALMA). As the Irdinmanhan ALMA can be correlated to the Bridgerian and early Uintan North American land mammal ages (NALMA), the boundary of which is considered to be about 46 Ma, the Shanghuang fauna is estimated to be about 45 Ma (Beard et al., 1994) . On the other hand, the absolute age of the Pondaung Formation was calculated as 37.2 Ma based on the fission-track method . The Pondaung fauna seems to be about seven to eight million years younger than the Shanghuang fauna Ciochon and Gunnell, 2002) .
In northern East Asia, such as Mongolia and northern China, the primate fossil record is intermittent after the late Eocene. Therefore, eosimiids seem to have originated at mid-latitude eastern Asia and moved their distribution to the southern, low-latitude area during the late Eocene, when global cooling occurred, resulting in a deterioration of the mid-latitude environment even in East Asia. South and Southeast Asia is likely to have maintained a relatively warm, tropical environment throughout the late middle Eocene to early Oligocene age (Marivaux et al., 2001 (Marivaux et al., , 2002 Tsubamoto et al., 2004) , and could have been a refugium for eosimiids, which were adapted to tropical environment.
Besides eosimiids, three amphipithecids, Pondaungia, Amphipithecus, and Myanmarpithecus, have been discovered in the Pondaung fauna . The Pk 2 locality in particular has yielded Pondaungia, Amphipithecus, Myanmarpithecus, and cf. E. paukkaungensis, demonstrating the coexistence of these primates as early as the latest middle Eocene in Southeast Asia. Recently, amphipithecids were reported from the lower Oligocene of the Bugti Hills, southern Pakistan (Marivaux et al., 2001 (Marivaux et al., , 2002 . The Bugti fauna, which has long been regarded as early to middle Miocene but has been revised to be the early Oligocene through the early early Miocene, is notable for producing not only amphipithecids but also oligopithecids, sivaladapids, and cheirogaleids. The northern African and southeastern Asian faunas share these primate groups. Oligopithecids have been discovered from the late Eocene/early Oligocene Fayum fauna (Simons, 1962 (Simons, , 1989 (Simons, , 1990 , and sivaladapids have been reported from the late Eocene Krabi fauna, Thailand (Ducrocq et al., 1995) , Gongkang fauna, Guangxi Province, China (Qi and Beard, 1998) and from some late Miocene sites in China (Gingerich et al., 1994, Qi and Beard, 1998) . The Bugti fauna actually demonstrates faunal interaction between the African and Asian continents.
The late middle Eocene to early Oligocene of southern Asia could be a platform for the evolution of early anthropoids and/or early catarrhines, which might have moved from eastern Asia or northern Africa. The paleoprimatological research areas in southern Asia, such the Pondaung, Krabi, and Bugti, may hold the answer to the question of anthropoid origins or catarrhine evolution in the Old World continent.
